Introduction
The relationship between economic growth and environmental quality has been a major discussion topic for both scholars and the public. China's rapid economic growth has given rise to many environmental pollution problems, and the resulting environmental degradation has become a threat to the Chinese economy. Recent increases in smog and PM2.5 concentrations have also drawn the attention of the Chinese scholars on environment and corporate behaviors. As the sudden surge in the PM2.5 index at the end of 2011 is of particular importance, we hereafter use the term ''2011 event" to refer to it.
Ecological environment and environmental pollution are the most important factors that influence China's sustainable economic development and living environment (Tian and Cheng, 2014) . China's Ministry of Environmental Protection and provinces with severe smog problems adopted strict environmental regulations after the 2011 event. The new National Ambient Air Quality Standard and the relevant governance regulations put the operational and investment behavior of high-polluting enterprises under close monitoring. The State Council of China released the ''Action plan on air pollution control on 12 September 2013 00 with the implication that air pollution governance has ushered in new demand and a source of external pressure on the transformation of economic development pattern. The plan sets out the specific responsibilities of the government, enterprises and society and has caused the approval of key projects in underdeveloped regions to be suspended. However, there is no evidence that the strengthening of environmental regulations after the 2011 event has had any effect on enterprises' financial behavior.
China is the world's largest developing country. In the course of its modernization and industrialization, it has inevitably faced tension between economic growth and environmental quality. Pollution abatement may impose additional pollution treatment costs, thus reducing the productivity and market competitiveness of enterprises (Jorgenson and Wilcoxen, 1990) . Gray (1987) finds that U.S. Occupational Safety and Health Administration and Environmental Protection Agency regulations reduced productivity growth in the manufacturing industry by an average of 0.44 percentage point per year, accounting for over 30 percent of the slowdown in the 1970s. Consistent with Gray (1987) , other studies draw similar conclusions based on submanufacturing industries such as paper-making, mining, oil and steel (Gollop and Roberts, 1983; Barbera and McConnell, 1990; Gray and Shadbegian, 1995) . Grimaud and Rouge (2008) argue that environmental regulation is similar to an environmental tax on non-renewable resources. Although it can slow the emission of pollutants and improve resource allocation, it has no effect on R&D or innovations in abatement technology. In contrast, Porter and Van Der Linde (1995) find that properly designed environmental standards can trigger innovation that may partially or more than fully offset the costs of complying with them and that strict environmental regulations can actually enhance competitiveness. Palmer et al. (1995) , however, hold an opposing view that strict environmental regulations can bring much more cost less than the benefit. Berman and Bui (2011) examine the effect of air quality regulations on productivity in some of the most heavily regulated manufacturing plants in the United States. They study the oil refineries of the Los Angeles (South Coast) Air Basin and find that despite the high costs associated with the local regulations, productivity rose sharply between 1987 and 1992. As the years between 1987 and 1992 were a period of decreased refinery productivity in other regions, the authors conclude that abatement cost measures may grossly overstate the economic cost of environmental regulations because such measures can increase productivity. This paper uses different data, such as Mexican offshore oil and gas industry, Japanese manufacturing, Quebec (Canada) manufacturing and Taiwan industry data, and draws similar conclusions. Obviously, the literature has not yet reached a consensus about the effects of environmental regulations on enterprises, and neither does it provide evidence of or an explanation for the micro mechanism of air pollution and enterprises' investment behavior.
With improving living standards and increasing environmental awareness, protection of the environment is now widely considered a stable and influential social norm (Green, 2006) . The 3rd plenary session of the 18th Communist Party of China Central Committee proposed the establishment of a comprehensive ecological civilization system to protect the ecological environment. This provides us with an opportunity to analyze the effect of strict environmental regulations on enterprises' investment behavior and the underlying mechanism that brings about this effect; thus, this study has strong theoretical value and policy implications.
We use the difference-in-differences method to investigate the effect of government environmental regulations on high-polluting enterprises' investment behavior (investment expenditure and investment opportunity sensitivity) based on Chinese A-share listed firms from 2006 to 2014 and examine whether the effect varies across property rights, enterprise locations and high-polluting enterprises. We find that after the 2011 event, investment expenditure declined significantly in both local SOEs and non-SOEs, whereas investment opportunity sensitivity declined more significantly in non-SOEs than in SOEs. There are no significant changes in central SOEs in terms of investment expenditure and investment opportunity sensitivity. Further analysis shows that investment expenditure and investment opportunity sensitivity decline for high-polluting enterprises located in East China but increase for those located in West China. Findings reveal that there exist SOE/non-SOE discrimination and regional differences in the implementation of environmental regulations. The findings also demonstrate that environmental supervision in China has caused polluting enterprises to move to ''lower pressure" areas.
This study contributes to the literature in the following ways. First, we take the 2011 event as a natural experiment and use the difference-in-differences method to investigate the effect of government environment regulations on high-polluting enterprises' investment behavior. This effectively reduces the interference of endogenous problems. Second, it analyzes the effect of environmental regulations on specific firms from the perspective of the institutional environment and reveals that heavy polluting corporations located in areas with strict supervision have moved to areas with looser supervision. Third, unlike the previous studies, this study reveals the dynamic effects of environmental regulation on the investment behavior of enterprises with different property rights. The findings can be used to design future regulations on high-polluting enterprises to reduce the chance of another surge in the PM2.5 index. Finally, this study complements the literature on the effects of government environmental regulations on micro-enterprises' financial decisions.
The remainder of this paper is organized as follows. In the next section, we provide an overview of the related literature and propose the hypotheses. Section 3 describes the research design, and Section 4 presents the analysis of the empirical results. Sections 5 and 6 provide further analyses and robustness tests, and Section 7 concludes the paper.
Literature review and hypothesis development
2.1. Surge in the PM2.5 index and enterprises' investment expenditure After inspecting Beijing's air pollution governance performance in February 2014, the President of the People's Republic of China, Xi Jinping, proposed that controlling PM2.5 was the primary task for dealing with smog and improving air quality. Severe smog had appeared around Beijing and North China in autumn 2011. The resulting air pollution and low visibility had caused the closures of many highways and the cancellations of many flights. This caused a great deal of public concern and many complaints. As the air pollution became more severe, attention turned to PM2.5, the key index of smog severity. When PM2.5 suddenly exceeded the threshold of the detecting instrument, 500 lg/m 3 , the public panicked. China's environmental pollution problem, especially the severe pollution in Beijing-Tianjin-Hebei, then attracted worldwide attention. PM2.5 includes all particulate matter in the air with an aerodynamic diameter of 2.5 mm or smaller, including toxic heavy metals and hazardous organic pollutants that are not present in normal air. This particulate matter can be inhaled directly into the lungs, causing severe harm to human health. The main sources of PM2.5 include fuel combustion from automobiles, power plants, wood burning, industrial processes and diesel-powered vehicles. To reduce social panic, the government introduced a series of regulatory policies. For example, the State Council issued a new ''National Ambient Air Quality Standard" in 2012, in which PM2.5 was officially added to the general evaluation items, and issued an ''Action Plan on Prevention and Control of Air Pollution" that introduced 10 measures to improve air quality in September 2013. The plan required the establishment of a regional coordination mechanism and arrangements for regional environmental treatment. Beijing-Tianjin-Hebei and the Yangtze River Delta established a regional coordination mechanism for air pollution control. The State Council signed target responsibility letters with all the provincial governments, conducted annual examinations and strictly enforced the accountability system. On 25 April 2015, the Chinese Communist Party (CCP) Central Committee and the State Council formally announced the publication of ''Opinions on Accelerating Ecological Civil Construction," which set out clear requirements and guidance to accelerate ecological civil construction and divided the relevant provinces into nine areas to synergize efforts toward healthy economic growth and sustainable environmental protection. This elevated governance strategies for pollution such as smog to the national level.
We believe that understanding how to guide the operational and investment behavior of high-polluting enterprises is key to the successful implementation of pollution regulations. Allen et al. (2005) show that the completeness of China's shareholder protection law falls between that of the English-origin countries and that of the French-origin countries. The former have the highest protection measures, whereas the latter have the poorest. However, China's enforcement of the law is nearly as weak as in the world's poorest countries. Engau and Hoffmann (2011) show that in response to post-Kyoto regulatory uncertainty, firms have predominantly pursued reduction, and to a lesser extent adaptation, regardless of their investment strategies. While Xiong and Xu (2007) find that the relaxed environmental regulation has a positive effect on attracting foreign direct investment, the lack of regulation is likely to attract high-polluting industries. Heavy pollution has a significant crowding-out effect on foreign direct investment, but the effect is not significant in lowpollution areas. The recurrent protests against PX projects are related to the p-xylene chemical, a petroleum chemical. It is a colorless transparent liquid, the smell of which is similar to that of toluene. If heavy pollution projects cannot be effectively controlled, strong dissatisfaction with the government's environmental regulations will result. Strengthening environmental regulations may either have an inhibiting effect on the investment expenditure of high-polluting enterprises or increase these enterprises' uncertainty about their future, leading them to postpone their investments (Viscusi, 1983) .
Heavy pollution also has significant implications for the capital market. Excessive emissions from highpolluting enterprises lead to PM2.5 surges and violate basic social norms and requirements. These enterprises are then at the center of public attention. Following the 2011 event, high-polluting enterprises have had to take action in response to queries from the media and the public. Hong and Kacperczyk (2009) provide evidence of the significant effects of social norms on markets by studying the investing environment of ''sin'' stocks-publicly traded companies involved in the production of alcohol, tobacco and gambling. They find that sin stocks are less likely to be held by norm-constrained institutions such as pension plans than by mutual or hedge funds that are natural arbitrageurs, and they receive less coverage from analysts than do other stocks with comparable characteristics. If high-polluting enterprises have low levels of compliance to social norms, institutional investors will withdraw their investments (Li and Yifeng, 2011) . At the same time, institutional investors in high-polluting enterprises ''vote with their feet" by reducing their investments in polluting projects to impose pressure on managers. Chava (2014) finds that investors demand significantly higher expected returns on stocks excluded by environmental pollution (such as hazardous chemicals, substantial emissions and climate change concern) than firms without such environmental concerns. Lenders also charge significantly higher interest rates on bank loans issued to firms with such environmental concerns. Meanwhile, firms' environmental risk exposure is associated with lower accuracy and higher dispersion in analysts' earnings forecasts, and analysts are more likely to revise their stock recommendations downward if firms experience an increase in their environmental risk exposure, and the inverse is also true (De Franco et al., 2013) . These firms are charged higher audit fees (Simunic et al., 2014) . Furthermore, firms that violate environmental protection regulations or have environmental accidents have lower market value (Lundgren and Olsson, 2010; Dasgupta et al., 2006) . Darnall et al. (2007) find that strict environmental regulation is negatively correlated with firm performance. Firms that face strict regulation pay more when environmental accidents occur, and their operational costs increase, thus lowering investment incentives. With so many obstacles for high-polluting enterprises at the refinancing step and the strengthening of regulations following the 2011 event, high-polluting enterprises have to reduce their investment expenditure. We thus propose the following hypothesis:
H1a. Ceteris paribus, government environmental regulations have effectively restrained the investment expenditure of high-polluting enterprises following the 2011 event.
Although high-polluting enterprises have been influenced by the 2011 event, such influences vary across types of property rights. The operating environments and operating goals are quite different in SOEs and non-SOEs. In 2007, the China Banking Regulatory Commission issued a notification (No. 161) requiring financial institutions to supervise loan origination for high-polluting industries. This requirement seems to have had little effect on SOEs with bank loan advantages and loose budget constraints. Some SOEs may take a flexible or passive approach to environmental regulations by claiming that their products support the national security strategy. Despite resistance from institutional investors and medium and small investors, it is extremely difficult to prevent SOE managers from investing in projects that cause heavy pollution under the strong incentive of promotion championship. To maintain a competitive advantage, local governments typically lower environmental standards to attract foreign direct investment (Ljungwall and Linde-Rahr, 2005) . Thus, as long as governments at all levels continue to prioritize GDP and given that environmental pollution is not a one-ballot veto, environmental protection cannot entirely reorganize the pollution industry.
In contrast, high-polluting non-SOEs will reduce their investments in projects that cause heavy pollution because these firms are under the implicit control of institutional investors who can ''vote with their feet." This may help protect the environment and increase public satisfaction, and it may offset the temporary decline in economic performance. During the process of implementation, local governments might provide certain protection for SOEs out of vested interests because SOEs are important in achieving local GDP goals. For example, the Central Environmental Protection Inspectorate openly affirmed the supervision opinions of Hebei province on 3 May 2016: Tangshan Iron Company, a branch of the largest SOE in Hebei province (Hebei Steel Group), increased its steel production capacity, which violated the ''Guidance on resolving contradiction severe overcapacity" issued by the State Council. 1 This case illustrates that continual environmental pollution is closely associated with the failure of some SOEs to meet their environmental responsibilities. The above analysis shows that the strengthening of environmental regulations as a result of the 2011 event implies that highpolluting non-SOE enterprises are the most influential. Thus, we propose the second hypothesis:
H1b. Ceteris paribus, non-SOEs' reduction in investment expenditure is greater than that of SOEs after the 2011 event.
The surge in the PM2.5 index and enterprises' investment opportunity sensitivity
Classic corporate governance theory assumes that agency conflict is the key factor that influences corporate investment efficiency, but the theory may not work in China during the transitional economy phase. If there is a close association between pollution governance and government officials' promotion, officials will focus their efforts on strengthening the supervision of high-polluting enterprises and adopt the carrot and stick policy to make polluting enterprises rely on them to prevent heavy pollution.
How the PM2.5 index can be decreased and how the occurrence frequency of the PM2.5 surge can be reduced are important environmental and social problems. First, as the Chinese government has tight control over enterprises and the economy, the government may simultaneously use the grabbing hand and the helping hand to ensure effective policy implementation. Chen et al. (2010) find that the Chinese government often intervenes in enterprises' investment decisions by way of property rights or political connections for political or social purposes, which distorts investment behavior and reduces investment opportunity sensitivity. As government intervention might distort enterprises' investment decisions, enterprises' high-polluting investment projects that caused the 2011 event must be strictly supervised. For instance, the government may approve fewer projects and reduce bank loan origination. This may further reduce the value of future profitable projects. However, if high-polluting enterprises make huge investments in governance to reduce PM2.5 emissions, it will reduce their profits and investment opportunities. Xu and Xiao (2011) argue that environmental regulations enhance the environmental policy risk of highpolluting enterprises and that environmental regulations increase the information asymmetry between projects and the capital market and decrease investment efficiency. La Porta et al. (1999) find that a ''game" exists between the government and enterprises-that is, a tacit exchange of interests between the government and enterprises: politicians use certain means (subsidies or bribes) to attract entrepreneurs to comply with political goals. Public subsidies are the key equilibrium between the government and enterprises when the government wants to exchange its resources with high-polluting enterprises to reduce PM2.5 emissions. The government often requires high-polluting enterprises to disclose more environmental information with the use of public subsidies (Lin et al., 2015) . This increases the supervision of these specific firms' investment projects and further reduces the value of the projects. The government's aim is to guide high-polluting enterprises to implement industry upgrades and technology innovations and to gradually eliminate or close high PM2.5 emissions projects in the hope of significantly reducing investment in heavily polluting projects. In addition, although high-polluting enterprises play a key role in the PM2.5 index's sudden surge, they still pursue corporate value maximization like other industries do. As long as there is demand for the products, the optimal choice is to enlarge the operational scale and increase investment in projects. Environmental regulations distort firms' optimal investment decisions, leading to inefficient investment, fewer future investment opportunities and a mismatch between intrinsic investment expectation and investment opportunity. Therefore, we propose the following hypothesis:
H2a. Ceteris paribus, governmental environmental regulations effectively reduced the investment opportunity sensitivity of high-polluting enterprises after the 2011 event.
To explore the underlying reasons for the sudden surge in the PM2.5 index, we should not only analyze the high-polluting enterprises but also the environmental regulation background and its effect on enterprises. The goal of emission reduction set out in the 11th Five-Year Plan period was achieved, and the central government extended the goal in the 12th Five-Year Plan, in which a strictly binding policy seems to be the key to reversing the deterioration of the ecological environment. However, these rules have had little effect on emission reduction. This shows that we need a deeper exploration of the underlying institutional factors to resolve PM2.5 pollution.
The central idea behind China's environmental governance is to control overall pollution and to allow specific entities to assume the corresponding responsibilities. In reality, administrative approval for investment in heavy-polluting industry is scarce because resource capacity is limited. This results in an interesting ''game" between the government and the enterprises, where the distribution of emission-reducing tasks in a certain area is the key point. SOEs assume greater social responsibilities, and their investment behavior directly influences the performance of local officials, yet these SOEs are given fewer emission-reducing tasks and may even face competition for new investment projects. Consequently, SOEs may still have certain investment opportunities under the strict environment regulations. Using data from the Wind and CCER databases, we find that state-owned and state-holding enterprises account for 70 percent of A-share listed firms in China and that nearly half of state-owned-capital industries are high-polluting. The Ministry of Environmental Protection announced penalties for ''environment-violating" enterprises on its website. The list includes some central SOEs, such as the State Electric Power Corporation, Petro China and Datang Power. This implies that SOEs' investment in heavy-polluting projects is less influenced by the government's PM2.5 environment regulations than is investment by local SOEs and non-SOEs. Mookherjee (2005, 2006) point out that local governments are more likely than the central government to be trapped by enterprises and that this exacerbates the degree of environmental pollution. Consistent with this argument, Wang et al. (2003) find that firms from the private sector appear to have less bargaining power than state-owned enterprises and that the greater the social impact of a firm's emissions, the less bargaining power the firm has with local environmental authorities. Under such circumstances, non-SOEs are under pressure from public opinion and credit rationing and will not spend their own money on heavy-polluting projects, leading to a lowering of investment opportunity sensitivity. Thomas and Brown (1995) hold the opinion that environmental regulation may prevent new entrants to the industry, and incumbents may thus become monopolists. Although social cost is increased by a monopoly, the scale of investment in high-polluting industries is decreased. The National Development and Reform Commission and the Ministry of Environmental Protection set more industry restrictions on non-SOEs (including heavy pollution industry) than on SOEs. This further reduces non-SOEs' chances of participating in heavy-polluting industry and projects. We propose the following hypothesis:
H2b. Ceteris paribus, non-SOEs' investment opportunity sensitivity reduction was greater than that of SOEs' after the 2011 event.
Research design

Sample selection
We select Chinese A-share listed firms from 2006 to 2014 as our initial sample. We then refine this initial sample by removing some irrelevant data from it. The irrelevant data that we removed from our initial sample are the firms that meet the following criteria: (1) Particular Transfer and Special Treatment firms; (2) financial industry firms; (3) firms with leverage greater than 1 or less than 0; (4) B share or H share firms; (5) delisted firms; (6) firms initially listed in the current year; and (7) firms with missing data. Property rights data are taken from the CCER database. Financial and corporate governance data are from the CSMAR database, and the classification of high-polluting industries is taken from the Wind database and compared with the CSRC (2011) industry classification.
Variable definitions
Explanatory variables
High-polluting enterprises. Following Li and Yifeng (2011), we classify firms as high-polluting if they belong to one of the following 14 industries in the ''Industry Classification of Environmental Protection Management in Listed Companies" published by the Ministry of Environmental Protection in 2008: thermal power, steel, cement, electrolytic aluminum, mining, metallurgy, building materials, coal, chemistry, petrochemical, pharmacy, light industry, spinning and leather. When the Ministry of Environmental Protection issued the ''Emission Standard for Air Pollutants" in 2011, they considered thermal power, steel, petrochemical, nonferrous metals, chemistry industry and coal-fired boiler projects as the major monitoring areas. As the Ministry of Environmental Protection's list is more comprehensive, we classify firms that belong to one of the 14 industries as high-polluting; high-polluting firms belonging to these 14 industries are assigned a value of 1, and all other firms are assigned 0.
Investment opportunity. Following Chen et al. (2011), we use Tobin's Q to proxy investment opportunity, which reflects the growth and relative value-added potential. The greater the investment opportunity is, the higher the investment expenditure and investment efficiency are (Fazzaris et al., 1988) . However, the use of Tobin's Q for China is questioned, mainly because of the capital market efficiency and the reform of non-tradable shares there. After the 2005 reform, the value relevance of stock improved and capital market efficiency increased (Liu et al., 2010) . We therefore use the variable measure method in this paper.
Dependent variable
We measure investment expenditure as ''cash paid to acquire fixed assets, intangible assets and other longterm assets" from firms' cash flow statements, scaled by total assets.
Control variables
Following Chen et al. (2011 ), Fazzaris et al. (1988 , Akdogu and MacKay (2008) and Mclean et al. (2012) , we control firm age (Age), sales growth (Salgrow), fixed asset proportion (Fixas), proportion of shares held by the largest shareholder (Hold1), firm size (Size), leverage (Lev) and profitability (Roe). Table 1 presents the variables' definitions.
Regression model
We construct Model (1) to test hypotheses 1a and 1b. Following Mayer (1995) , Bertrand and Mullainathan (2004) , Liu and Liu (2015) and Yuan and Zuo (2011) , the basic regression model is based on the difference-in-differences method, which is used to examine the net effect of policy implementation. We compare in detail the difference between the treatment group and control group before and after policy implementation. We divide the enterprises in our refined sample into two parts: high-polluting enterprises and non-high-polluting enterprises. We also use the 2011 event as a watershed event that defines the pre-2011 event period and the post-2011 event period. The treatment group includes the high-polluting enterprises from the 14 industries that we identified in the previous section (Dumpollute); these industries take a value of 1, whereas all other industries take a value of 0; observations before 2011 (Dum11) equal 1 and 0 otherwise.
In the control group (Dumpollute = 0), the investment expenditures before (Dum11 = 0) and after 2011 (Dum11 = 1) are denoted by Invest ¼ a 0 þ l i;t and Invest ¼ a 0 þ a 2 þ l i;t , respectively, so the difference in the control group before and after 2011 is a 2 . In the treatment group (Dumpollute = 1), the investment expenditures before (Dum11 = 0) and after 2011 (Dum11 = 1) are denoted by Invest ¼ a 0 þ a 1 þ l i;t and Invest ¼ a 0 þ a 1 þ a 2 þ a 3 þ l i;t , respectively, so the difference in the treatment group before and after 2011 is a 2 þ a 3 . Thus, a 3 measures the difference in the effect of environment regulations on high-polluting enterprises' investment expenditure. Then, we control for other effects that could influence the inferences in Model (1). The main regression model is as follows.
We use Model (3) to test Hypothesis 2. Fazzaris et al. (1988) and Vogt (1994) find that firms that have more investment opportunities invest more and have higher investment efficiency. However, when investment opportunities are few, investment expenditure declines accordingly-that is, investment expenditure is sensitive to investment opportunity. We add the variable Tobin to measure investment opportunity 2 and add the interactions with Dumpollute and Dum1. We also control industry, year and province effects. Marketization process of financial industry. Marketization process index of financial industry from Fan and Wang (2011) Eqcash
Cash flow from operating activities. Net cash flow from operating activities in cash flow statement S5b
The proportion of enterprises with local government intervention. Local government intervention index from Fan and Wang (2011) a The American Embassy in China initially published air quality monitoring data for Beijing at the end of October 2011, after which PM2.5 became a hot topic in the media. However, as firms disclose their financial reports on 30 April, they still had almost half a year to modify the disclosed information. We therefore classify 2011 into the post-event period . Furthermore, this paper mainly focuses on high-polluting enterprises and industries, and the Ministry of Environmental Protection published the ''Industry classification of environmental protection management in listed companies" in 2008. The 2011 Event drew public attention to PM2.5, and the provisions that were issued after 2011 were intended to solve the PM2.5 problem.
4. Empirical results Table 2 shows the descriptive statistics. The mean investment expenditure (Invest) is 0.059, with a minimum value of 0 and maximum of 0.5451, indicating that the distribution is reasonable, but left-skewed (median is 0.039). The mean of investment opportunity (Tobin) is 1.5832, with a standard deviation of 0.888, shows that the distribution is discrete. High-polluting enterprises account for 30% of the full sample (Dumpollute). Table 3 reports the Pearson correlation coefficients. The correlation coefficient between Invest and Dumpollute is 0.2001 and significant at the 10% level. This means that high-polluting enterprises invest more than nonhigh-polluting enterprises do. The correlation coefficient between Dum11 and Invest is À0.313 and significant at the 1% level, showing that strengthening environmental regulation reduces firms' investment expenditure. Although the coefficient between investment opportunity (Tobin) and investment expenditure (Invest) is small (0.022), it is significant at the 1% level. Sales growth (Salgrow) is significantly negatively correlated with investment expenditure (Invest), indicating that the higher the sales growth, the more cash is occupied, leaving the firm with little cash flow to invest. The correlation coefficients of the other variables are all below 50%, showing that there is no multicollinearity. Table 4 shows the univariate statistics based on property rights and periods (pre-2011 event period and post-2011 event period). We find no significant difference in the (mean or median) investment expenditure (Invest) of SOEs after the strengthening of environmental regulations. However, there is a significant decline in the investment expenditure (Invest) of non-SOEs, and the mean (median) difference is significant at the 10% (5%) level. This shows that the investment expenditure of non-SOEs was influenced more by the 2011 event than by SOEs. The investment opportunity (Tobin) of SOEs does not significantly change after the 2011 event but significantly decreases in non-SOEs. Table 4 shows that the values of investment expenditure and investment opportunity are lower in the post-2011 event period than in the pre-2011 event period and that SOEs' values are larger than non-SOEs' values. These results show that environmental regulations have a negative effect on investment expenditure and opportunity, but the effect is more significant for non-SOEs. Table 5 shows the differences in investment expenditure by industry, region and intra-industry. We find that the investment expenditure difference between high-polluting enterprises and non-high-polluting enterprises is significant at the 5% (mean) and 10% (median) levels. The mean (median) investment expenditure of high-polluting enterprises in the western region is 0.0661 (0.0386), which is significantly higher than that in the eastern region, demonstrating that high-polluting enterprises have an incentive to move to other areas. Furthermore, the investment expenditure of the three industries with the lowest number of high-polluting enterprises is significantly higher than that of the three industries with the highest number of high-polluting enterprises, which is contrary to intuition. One possible explanation is that the industries with the lowest number of high-polluting enterprises are dispersed, the marginal supervision cost is large and there is a lack of regulation scale effect. Table 6 shows the results of the main regression. In column 1, the coefficient on the interaction of Dumpollute and Dum11 is À0.0159, which is significant at the 10% level, showing that the environmental regulations after the 2011 event decreased the investment expenditure of high-polluting enterprises. Columns 2 and 3 report the results for SOEs and non-SOEs. The coefficient on the interaction of Dumpollute and Dum11 of Table 6 The 2011 event and investment expenditure.
Descriptive statistics
Univariate statistics
Regression results
Variables
(1) SOEs is À0.0124 but insignificant, while the coefficient on the interaction of non-SOEs is À0.0246 and significant at the 5% level. Further, the vð2Þ of the coefficients of the two sub-samples is 55.63 and significant at the 1% level. This reveals that there is a selective and discriminatory phenomenon in the implementation of environmental regulations: SOEs are less affected by the regulations, but the investment expenditure of non-SOEs is significantly decreased. Table 7 shows the effect of the 2011 event on investment opportunity sensitivity. In column 1, the interaction of Dumpollute, Dum11 and Tobin is À0.0307, and is significant at the 10% level. This demonstrates that the strengthening of government environmental regulation decreases investment in heavy-polluting projects and reduces investment opportunity sensitivity. Columns 2 and 3 present the results for SOEs and non-SOEs; the coefficient on the interaction of SOEs is À0.0275 but insignificant, while the coefficient on the interaction of non-SOEs is À0.0437 and significant at the 5% level. The above results show that the decrease in investment opportunity sensitivity caused by the strengthening of environmental regulations is asymmetric Table 7 The 2011 event and investment opportunity sensitivity.
(1) The robust t-statistics are reported in brackets. * Significance at the 10% level. ** Significance at the 5% level. *** Significance at the 1% level.
in SOEs and non-SOEs, further demonstrating the discrimination in the implementation of the environmental regulations.
Further analysis
Layers of government ownership
In general, central SOEs are large-scale enterprises in industries vital to national well-being and people's livelihoods. They are either monopolistic or oligopolistic, and hence their operational risk is low. Local SOEs are generally smaller than central SOEs and are in a disadvantaged situation in terms of the supply of capital, energy and raw materials. Thus, these local SOEs are subject to higher competitive pressure and greater Table 8 Different layers of government ownership.
Variables
(1) The robust t-statistics are reported in parentheses. * Significance at the 10% level. ** Significance at the 5% level. *** Significance at the 1% level. operational risk. The literature suggests that the layers of government ownership in SOEs lead to diverse effects. Furthermore, local government policies on industry regulation, taxation and loan support have different effects on central SOEs and local SOEs (Yuan and Zuo, 2011) . The Ministry of Environmental Protection is the highest-level organization responsible for environmental regulations. Most central SOEs still have a viceministerial or ministerial administrative level. Managers of these SOEs are assigned by the CCP Central Committee's Organization Department, which creates certain difficulties during the supervision process and has a negative influence on the effective implementation of PM2.5 regulation. The Ministry of Environmental Protection announced the handling of penalties for enterprises with environmental violations on its website in 2013. Some central SOEs, including the State Electric Power Corporation, Petro China and Datang Power, are on the list and account for 30% of firms to be punished. Twenty-six (23.21%) central SOEs are involved in the environmental protection inspection industry. Although central SOEs and local SOEs both belong to the same system, local SOEs are more involved in local economic development services.
The theory of political asylum assumes that local government officials can benefit from the operation of local SOEs and will therefore support these firms. Ljungwall and Linde-Rahr (2005) find that local governments always opt for lower environmental standards to attract direct foreign investment and keep their competitive advantages. When the central government incorporates environmental protection performance into the evaluation system for local officials, ''solicitude" becomes ''intervention" and ''administrative order." From the perspective of political promotion, during the distribution of pollution reduction tasks, some high-polluting provinces might promise to achieve higher reduction standards set by the central government, and the corresponding municipal and prefecture governments may also require higher reduction levels to complete the central government's pollution reduction targets (Zhou et al., 2015) . Central SOEs may then use the protection of the national economy and people's livelihoods as excuses for escaping emission tasks, and non-SOEs may be affected the most. Compared with central SOEs, local SOEs undertake more responsibility for reducing investment in heavy pollution projects, thus reducing the investment opportunity sensitivity. Considering the different effects of government environmental regulations on central and local SOEs (including differences in getting key investment projects and bank loans), we believe that the investment expenditure and investment opportunity sensitivity differs between central and local SOES. Table 8 shows the results for the layers of government ownership. In column 1, the interaction of Dum11 and Dumpollute is À0.0118 but insignificant. In column 2, the interaction of Dum11 and Dumpollute is À0.0473 and significant at the 10% level. The difference between the interaction of Dum11 and Dumpollute in columns 1 and 2 is 43.86 and significant at the 1% level. This shows that the environmental regulations have an inhibiting effect on local SOEs' investment, but not on that of central SOEs'. Columns 3 and 4 examine the effect of environmental regulations on investment opportunity sensitivity in central and local SOEs. In column 3, the interaction of Dum11, Dumpollute and Tobin is À0.0430 and insignificant, but it is significantly negative in column 4. The difference between the interactions of Dum11, Dumpollute and Tobin in columns 3 and 4 is 58.62 and significant at the 5% level. This shows that environmental regulations have a greater inhibiting effect on local SOEs' investment opportunity sensitivity.
Regional effect
Air pollution has a spillover effect and can cause transboundary pollution problems across various areas . According to the Pollution Haven Hypothesis (Copeland and Taylor, 1994) , a low environmental regulation area has an innate advantage in attracting high-polluting enterprises. The ''marketization" method of resource allocation causes these areas to become popular locations for high-polluting enterprises. With recent improvements in the comprehensiveness of environmental protection requirements, the migration of polluting enterprises from their original locations to new places has become a noticeable new phenomenon. Zhou et al. (2015) find that China's pollution-intensive enterprises were mainly distributed in the Shandong peninsula, Yangtze River Delta and Pearl River Delta and in other economically developed regions before 1998 and were mostly located in the central and western regions until 2008. The eastern region has more restrictive environmental regulations and higher GDP; reducing the number of heavy polluting industries would have little effect on the economy and industrial structure. In the western region, labor costs are lower, and there are abundant low-cost energy and raw materials, which are intrinsic causes for the mushrooming of high-polluting enterprises in this region. Furthermore, as economic development is relatively primitive in the middle and western regions, local officials might be willing to relax the regulatory standards on environmental pollution to attract investment and meet political performance requirements. Shen et al. (2012) find that the spatial distribution trend of pollution-intensive industries in Guangdong province is ''disperse-concentrate-dis perse": they were concentrated in the Pearl River Delta from 2002 to 2005 but dispersed to other places from 2006. This provides evidence of the migration of pollution-intensive industry from Guangdong province to other places to escape the environmental regulations of the polluted area. In fact, polluting enterprises are the main source of PM2.5. We further investigate whether there are regional differences in investment behavior in high-polluting enterprises and whether these enterprises moved to other places after the 2011 event.
Many listed high-polluting enterprises invest in correlative industries by way of capital operation at the national scale. For example, Zijin Mining, whose stock code is 601899, has subsidiaries in Xinjiang, Xizang, Qinghai and Fujian provinces; Zijin Mining established the Northwest Company of Zijin Mining Group, South Investment Company of Zijin Mining Group and Zijin International Mining Corporation to take advantage of differences in environmental regulations and the policy of attracting investment to underdeveloped areas. The intention was to move the polluting industries and realize profit maximization by reducing the pollution risk and cost, thus undermining the implementation of environmental regulations. 3 Due to the spillover effect of air pollution, implementation of strict environmental regulations in certain areas may not be able to prove that the environmental regulations can decrease pollution. Hence, local government and enterprises may have strong incentives to increase the scale of their investments and gain short-term benefits. Thus, we believe that the investment projects of high-polluting enterprises probably migrated to other places where regulatory pressure is less severe after the 2011 event. Table 9 reports the results of investment expenditure in different regions. The interactions of Dumpollute and Dum11 are 0.0495, À0.0386 and 0.0971 for enterprises in the western, eastern and central regions, respectively, but are only significant for those in the western and eastern regions. Table 10 further examines the investment opportunity sensitivity under different regions. The interaction of Dum11, Dumpollute and Tobin is only significantly positive (0.0825) in western region enterprises (column 1), and is insignificantly negative (À0.0296) in eastern region enterprises. Although the interaction of Dum11, Dumpollute and Tobin is insignificant in central region enterprises, the positive value shows that this region possibly has some pollution transfer projects. The above results demonstrate that with the strengthening of environmental regulations, investment expenditure and investment opportunity sensitivity of high-polluting enterprises were reduced in the eastern region and increased in the western region. The robust t-statistics are reported in parentheses. * Significance at the 10% level. ** Significance at the 5% level. *** Significance at the 1% level.
One possible explanation is that the ''performance championships" of officials, the demands of polluting enterprises and environmental regulation cause high-polluting enterprises to transfer their investments.
Robustness tests
As there may be a missing value and external disturbance from macro policy to the micro mechanism, we further retest the investment opportunity sensitivity model using a ''change model." According to Li (2010) , change models have three advantages: (1) testing the effect of the incremental explanatory variable on the explained variable can mitigate the effects of informal institutions that do not change over time, such as the corporate culture and managers' preferences, on the explained variable; (2) the incremental part brings The robust t-statistics are reported in parenthesis. * Significance at the 10% level. ** Significance at the 5% level. *** Significance at the 1% level. new information and can eliminate the influence of old information; and (3) the mitigation of endogenous problems. We generate the first-order difference for all continuous variables and re-regress model (3). Table 11 shows the results, which remain the same.
Conclusion
The third plenary session of the 18th session of the CCP proposed the establishment of a complete ecological civilization system to protect the ecological environment and to realize the grand blueprint of ''beautiful China." Polluting enterprises are the main source of air pollution. This study examines the effects of government environmental regulations on high-polluting enterprises' investment behavior based on Chinese A-share listed firms from 2006 to 2014. The sudden surge in the PM2.5 index is used as a natural experimental exogenous event. We analyze the differences in investment expenditure and investment opportunity sensitivity between SOEs and non-SOEs, central SOEs and local SOEs and different regions.
We find that after the 2011 event, investment expenditure declines significantly in local SOEs and non-SOEs, whereas investment opportunity sensitivity declines significantly in non-SOEs compared with SOEs. However, there are no significant changes in central SOEs' investment expenditure and investment opportunity sensitivity. Further analysis shows that investment expenditure and investment opportunity sensitivity decline for high-polluting enterprises located in East China but increase for those located in West China.
This paper has some policy implications. Although the Ministry of Pollution Protection and governments at all levels introduced the strictest regulations after the 2011 event, the goal of realizing a ''Wild China" is still some way off under the current regulations. Effective implementation of smog governance and environmental regulations is the key to reducing PM2.5 pollution. The Ministry of Pollution Protection should collaborate with the China Securities Regulatory Commission, China Banking Regulatory Commission and commercial banks to enforce the environmental governance of high-polluting enterprises. Such enforcement of environmental governance is achieved not only by reducing investment in polluting projects but also by cutting off their financial support. Local government should fully understand the connotation of ''investment opportunity" and reduce excessive interventions for companies and commercial bank credit. Local officials should adopt correct attitudes toward political performance and lessen the excessive dependence on high-polluting enterprises to support local GDP. The governments and environmental management departments should propose appropriate solutions to resolve the lack of supervision and the pollution transfer phenomenon in China as soon as possible.
